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Pneumococcal meningitis is not a common disease, and yet a certain 
number  of  cases  appears  each  year in  most  larger  hospitals.  The 
disease  is  quite  uniformly  a  fatal  one.  Whereas  occasionally  de- 
scriptions of recovery appear  in  the  literature,  one is  frequently left 
with the impression that diagnosis was either incomplete or incorrect 
in such instances.  To all intents and purposes, therefore, the disease 
may  be  considered  as  having  a  mortality  of  nearly  100  per  cent. 
Consequently, any treatment, drastic as it may at first appear, which 
offers hope of benefit  to  even  a  small  number of  these  unfortunate 
patients, may be worthy of consideration. 
The problem of advancing the  therapy of pneumococcal  meningitis has in- 
terested this laboratory beginning  with the study of Lamar (1).  Lamar's work 
was done long before our far fuller knowledge of the pneumococci was obtained. 
His study was  therefore somewhat  incomplete from our present day point of 
view.  Lamar was impressed by the fact that the pneumococcus was bile-soluble. 
It occurred to him, therefore, to attempt to influence the course of experimental 
pneumococcal meningitis by the intrathecal administration  of mixtures of im- 
mune serum, sodium oleate, and boric acid.  He had already noted (2) that pneu- 
mococci treated with sodium  oleate became more subject to autolysis and that 
they became at  the  same  time  susceptible  to  serum  lysis.  This  serum  lysis 
tended to be incomplete with normal serum, but when immune serum was em- 
ployed, lysis was complete, no multiplication of organisms took place in the test- 
tube mixture, and an inoculated animal was protected from infection.  However, 
the soap action was inhibited in the presence of protein, and Lamar developed a 
method of minimizing  this  protein inhibition by adding  to  the  serum-sodium 
oleate an appropriate quantity of boric acid.  A number of monkeys was infected 
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directly in the lumbar subarachnoid  space with a culture isolated from a human 
case of pneumococcal meningitis; the organism was not typed; it had only  moderate 
mouse  virulence,  but produced  in  the monkey a  fatal meningitis,  closely re- 
sembling pneumococcal meningitis  in man, save that the course of the experi- 
mental disease was more rapid.  Lamar found that repeated administration of 
mixtures of sodium oleate, immune serum, and boric acid would arrest established 
infections and lead to enduring recoveries. 
The value of this treatment may be determined  only from its employment in 
human cases of the disease, and apparently little benefit followed its use (Kolmer 
(3)).  Nor in our opinion  have subsequent  developments  in therapy, such as 
Kolmer (3) and Kolmer and Idzumi (4) advocate, namely, saline lavage, or com- 
binations  of saline lavage  with the administration of the antibody solution  of 
Huntoon,  or  with  various  chemotherapeutic  agents  given  much  promise  of 
beneficial results  in man.  Kolmer's results  will be more  fully discussed in a 
subsequent  paper. 
In view of all these facts, it was decided to reinvestigate pneumo- 
coccal meningitis.  The  first  procedure  consisted  in  a  search  for  a 
satisfactory laboratory  animal.  Cats  proved  too  resistant  for  our 
purposes;  whereas with large  doses of Type I  pneumococci injected 
directly into  the  cisterna  magna  it  was  possible  to  produce  acute 
leptomeningitis, the results were irregular and it was felt that it was 
not justifiable to draw conclusions from so resistant an animal.  At- 
tempts to produce the disease in guinea pigs were abandoned for similar 
reasons.  The rabbit was at first reserved because of its high suscep- 
tibility, but was, nevertheless, next employed.  In our experience the 
rabbit  presents  a  difficult problem  so  far as highly virulent Type  I 
pneumococcal  infections  are  concerned  in  that,  though  extremely 
responsive to pneumococci, the production of meningeal disease in any 
way resembling that found in man was not readily attained. 
If  a  normal  rabbit  receives  Type  I  pneumococci  in  the  cisterna 
magna,  the  development of septicemia  is very rapid,  and  death  is 
septicemic rather  than meningeal.  The cellular reactional processes 
common to human pneumococcal meningitis, as a  rule, do not occur. 
Such, however, appears not to be the conclusion of Idzumi (5), for the 
latter reports vigorous leucocytic reactions due to Type I pneumococci 
in  the rabbit  meninges.  Idzumi's pneumococci were  apparently of 
low virulence, the mouse M.L.D. for his Type I  being 0.001 cc. in 24 to 
30  hours.  It was  employed in  relatively enormous  dosage--dosage 
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septicemia without much meninghal reaction in a normal rabbit.  In 
addition, Idzumi used a 24 hour culture, undoubtedly containing  many 
damaged  cocci.  More  recently pneumococcal meningitis has  been 
studied in the rabbit by Untersteiner (6).  The organism used was 
not typed, and we are therefore unable to analyze his results in terms 
of our own. 
EXPERIMENTAL. 
In studying pneumococcal meningitis of rabbits from the point of 
view of  therapy,  one  is  limited by  several  considerations: (1)  the 
extreme susceptibility of the animal; (2)  the invariable development 
of massive septicemia when virulent organisms are used--a septicemia 
which kills before the reacfional process in the meninges develops to a 
sufficient extent to dignify it by the term "meningitis;" (3)  the difl% 
cu]ty in lumbar punctures in the rabbit; (4) the limited working space 
for repeated injections into the cisterna magna resulting in frequent 
trauma; and (5)  the rather soft consistency of the rabbit brain, ren- 
dering pressure deformation frequent. 
It  became  apparent  early  that  pneumococci  injected  into  the 
rabbit's  cisterna  reached  the  blood  stream  in  enormous numbers, 
beginning almost  ~mmedlately and  resulting in  massive  septicemia 
within so short a time as 5 hours after infection.  Animals died within 
less than 24  hours, the anatomical cause of death being apparently 
intense edema and congestion of the lungs.  Pneumococci could be 
demonstrated readily in the capillaries of all the large viscera (Figs. 1 
and 2) and in blood smears.  These findings led us to adopt methods 
of preventing the septicemia or of minimizing it to such an extent as 
to render it a negligible factor in the death of the rabbit.  Naturally, 
recourse was had to partial immunization of the animals either pas- 
sively, or actively.  Rabbits were passively immunized by the intra- 
venous administration, either just before cisternal infection, or a few 
hours previously.  Usually 10 cc. of Type I  antipneumococcus serum 
(therapeutic) was used.  This serum was kindly supplied us by Dr. 
Augustus Wadsworth,  of  the  Laboratory  of  the  New  York  State 
Department of Health.  Its potency was such  that 0.2 cc. protected 
mice against  simultaneous inoculation of 0.2 cc. of standard culture. 
Active immunity  was established by one or two series of six intravenous 4-  + 
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injections each of heat-killed Type I  pneumococci.  Each injection 
consisted of the quantity of organisms contained in 1 cc. of 12  hour 
broth  culture,  centrifuged and  resuspended  to  original  volume  in 
saline.  Agglutination titers in these actively immunized rabbits did 
not exceed 1 : 5 after one series of injections, nor 1 : 20 after two series. 
Of about 80  animals examined, only one showed agglutinins in  the 
spinal fluid.  In a small series of rabbits actively immunized by both 
intravenous and intracisternal injections of killed Type I pneumococci, 
no agglutinins were present in the spinal fluids when examined 1 week 
after the final injection.  It  would appear,  therefore, that  any re- 
straint  observed  in  the  progress  of  the  pneumococcal meningitis 
locally in partially immune animals is not due to agglutinating anti- 
bodies in amounts capable of titration in the spinal fluid at the time 
of  infection. 
A  considerable number of  animals  was  immunized in  the above 
manner.  Subsequent infection was by direct inoculation of organisms 
in the cisterna magna.  The preliminary experiments on restraining 
the septicemia were performed with an  18  hour broth culture, pro- 
ducing a growth of about 250,000,000 per cc.  In all but the initial 
experiments the dosage was determined by the use of the Petroff- 
Hausser counter.  Bleedings were made from the ear vein at varying 
intervals after infection, and the number of colonies per cc. of blood 
counted.  A control non-immune rabbit was used for comparison for 
all doses of organisms.  The results of immunization in  controlling 
the  development of  the  septicemic spread  from  the  meninges are 
evident in Table I. 
In all the experiments summarized in the first table, the organism 
used was type-specific and capsule-forming, and produced only the 
smooth variety of colony.  In view of the recently developing interest 
in pneumococcus variants  (R forms), it was considered desirable to 
test out such R forms for meningeal pathogenicity.  The R form used 
was obtained from Dr. Avery and was derived experimentally from 
the same type-specific strain employed above.  It was developed from 
a single cell colony. 
Rough Type I pneumococci were injected intracistemally in eleven 
rabbits.  Some  were  normal  rabbits;  others  had  recovered  from 
Streptococcus scarlatinze meningitis.  In  all,  a  transient  bacteremia 398 
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resulted (Table II).  Only once, did the latter persist for 24  hours. 
Large doses of organisms were used, usually 100,000,000.  This dose 
frequently killed.  The mechanism of death is not clear.  Few organ- 
isms could be detected in cistern fluid smears at death, but they were 
mostly phagocyted.  The edema and  congestion of the lungs were 
quite marked.  If death did not occur within 24 hours, recovery was 
the rule.  In a  series of eleven animal  passages,  no  reversion to  a 
smooth colony type was observed. 
It is obvious from consideration of Table I  that active or passive 
immunization of animals previous to  cisternal  infection results in a 
retardation of septicemia.  Where, exactly, this retardation occurs is 
difficult to determine on account of the multiplicity  of factors involved, 
and on account of these variable factors, after a given degree of immu- 
nization the extent of the septicemia following intracisternal infection 
is irregular.  The appearance of organisms in large numbers in spinal 
fluids is  delayed.  This  retardation  was especially notable in  later 
experiments on  treatment,  where  frequently,  after  an  injection  of 
upwards of 3,000,000  organisms intracisternally, the 19 hour cisternal 
fluid showed rare pneumococci only, and where in one instance spon- 
taneous recovery of an untreated immune rabbit occurred, when all 
treated animals of that group died.  It is likewise evident in  early 
experiments (Table I), that in actively immune animals much larger 
infecting doses are required to produce a fatal meningitis.  So far as 
was determined, this local meningeal retardation does not depend upon 
the presence of agglutinating antibodies in the fluid at  the time of 
infection, although their ultimate influence is not beyond the realm 
of possibility, since following the cisternal injection, choroid plexus 
alteration  may result  in  some diffusion of  agglutinating antibodies 
present  in  the blood,  or of opsonins  (7).  We  have  not  done  any 
opsonic studies on spinal fluids of immune animals. 
In partially immune rabbits pneumococcal  meningitis is occasionally 
abortive, but it would appear that in the meninges, doses of organisms 
will produce progressive disease and also eventual septicemia, whereas 
several  times  the  number of  diplococci injected  intravenously will 
produce nothing at all.  Therefore it may be assumed that the menin- 
geal spaces constitute to some, and probably to a considerable extent, 
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produce systemic disease may multiply, pass the filtration mechanism 
in great numbers, and break down the systemic resistance. 
After the series of preliminary experiments outlined in Table I, we 
determined to try the effect of antisera in the control of the meningeal 
disease.  Not much hope was entertained, in view of the severity of 
the process, but it was thought that if any evidence at all indicated 
benefit from serum therapy in so extremely susceptible an animal as 
the rabbit,  there would be  some justification in advocating its utili- 
zation.  In  the  majority  of  instances,  the  concentrated  antibody 
solution prepared for us by Dr. Lloyd Felton, of the Harvard Medical 
School, was used.  According to Dr.  Felton's  titration,  the samples 
employed by us contained 50 and 3000  protective units per cc.  We 
must  acknowledge that  so  far as  beneficial  therapeutic  results  are 
concerned, we were unable to see any difference in the two strengths 
of antibody solutions, nor could we detect that either differed appre- 
ciably from the Type I  antipneumococcus serum prepared in the New 
York State laboratories.  It is impossible to express results of thera- 
peutic experiments in  tabular form, and since it is  not desirable to 
include all protocols, a  short series only of the latter is included.  It 
may be emphasized here that, whereas for convenience in planting and 
timing cultures, an 18 hour growth was used in preliminary studies of 
the septicemia, in therapeutic experiments a 6 hour culture was used. 
The first culture had obviously gone beyond its developmental peak, 
while  the  second was  still  in  an  active  growth phase.  It became 
apparent early that the second culture was much more active and that 
with given immunization a  smaller dose of the 6 hour culture would 
duplicate the results of a larger 18 hour culture.  It was likewise noted 
that the apparent vigor of the culture, as expressed by actual growth 
per cc. in a  given number of hours, was also very important.  Since 
the actual dosage of organisms in each instance was counted, we are 
forced to conclude that there must have been either an actual varia- 
bility of potency in  the  individual  cocci  under unfavorable growth 
conditions, or possibly  that  the total  constituency of  the  culture 
varied,  cultures  giving  poor  growth  containing  more  damaged  or 
dead cocci.  These factors may be of minor importance in influencing 
ultimate fatal disease in normal rabbits, but may play a considerable 
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is  an  uncontrollable  individual  variation in  animals;  given  a  certain 
dosage  of  immune  serum  and  a  certain  known  cisternal  dosage  of 
pneumococci from the same culture, results will vary.  These varying 
factors are shown in the following few representative protocols. 
Illustrative  Protocols. 
Rabbit A.--Active  immunity  established  by  intravenous  and  iatracisternal 
vaccine.  Immunization  completed  December  4,  1925.  December  14,  1926, 
4.00 p.m., ether, cistern puncture, clear fluid; injected 17 ½  million Type I pneumo- 
cocci.  Good  recovery.  December  15,  9.30  a.m.,  temperature  below  92  °. 
Cistern puncture,  rare cells  but a  massive, diffuse overgrowth of pneumococci. 
No phagocytosis.  Injected 1 cc. Felton 50 unit antibody solution intracisternally, 
and  5  cc.  antipneumococcus  serum  intravenously.  Placed  on  electric  pad. 
Temperature  recovery  to  100.2  °  .  Dead  2.30  p.m.  Autopsy: Brain  is  pale, 
meninges  slightly  opalescent.  Cisternal  fluid,  instead  of  rare  cells  observed 
previous to treatment, contains, on smearing, from 60-100  polymorphonuclears 
per off immersion field.  Very active phagocytosis of pneumococci; free organ- 
isms largely agglutinated.  Culture:  massive growth;  heart  blood: no  growth. 
Microscopically: fibrinopurulent exudate over cerebrum, cerebellum, medulla, and 
cord; exudate also involves dura, choroid plexuses, cord septa, sheaths of penetrat- 
ing vessels.  Large number of pneumococci.  Phagocytosis confined  essentially 
to region of cisterna.  Moderate superficial  encephalitis.  Note: an example of 
massive proliferation of pneumococci in  the  meninges, no terminal septicemia, 
an initial poor cellular reaction in meninges,  greatly improved by antibody in- 
jection,  and induction of marked phagocytosis. 
Rabbit B.--Same immunization and infecting dosage as in Rabbit A.  Infected 
same  day  with  same  culture.  18  hours  after  infection,  temperature  103.2  °, 
sluggishness,  fine  tremors;  22  hours,  hind  limbs  paralyzed.  Cistern  puncture 
under ether; cells 4-12 per o.  i.  f.,  moderate number of cocci, no phagocytosis. 
Injected 1 cc. 50 unit antibody, cisternally, and 5 cc. antiserum, intravenously. 
Temperature fell to  95  °  .  24  hours,  second cistern  puncture;  cells  20-100  per 
o.  i.  f.;  rare  agglutinated  cocci.  First  culture,  massive  growth;  second,  few 
colonies  only.  42 hours:  cisternal fluid contained large numbers of cocci.  In- 
jected  2  cc.  antibody,  with  symptoms of pressure.  55  hours:  fluid  as  above. 
Injected 1.5  cc.  antibody.  Death in  2 hours.  Autopsy: Similar to Rabbit A, 
save  that  the  lumbar  cord  is  essentially  gangrenous.  Cisternal  cell  number 
again markedly increased (5(}-100 per field);  agglutination and phagocytosis of 
cocci.  In  addition  to  usual  microscopic findings,  considerable  periarteritis  of 
larger vessels of cord meninges, purulent  ventriculitis of third and lateral ven- 
tricles, abscesses  of choroid plexuses of fourth and lateral ventricles, and ingrowth 
of  cocci  into  wall  of  lateral  ventricle.  Summary: Same  immunization  and 
dosage,  but  a  considerably lesser initial  process.  Repeated treatments always 402  PNEU~OCOCCAL MENINGITIS.  I 
resulting  in  increased  cellular  reaction  and  phagocytosis,  but  in  the  interim 
between  treatments  great  augmentation  of  cocci  from  regions  untouched  by 
treatment.  Heart blood: no growth. 
Rabbit C.--Immunization as in the two preceding.  December 16,  1926, 4.00 
p.m., ether, cistern puncture, clear fluid.  Injected 12 million Type I  pneumo- 
cocci,  7  hour  culture.  18  hours  later,  temperature  106.5  °.  Cisternal  fluid 
opalescent, cells 10-20 per o. i. f.; only occasional  clusters of diplococci;  culture 
slight growth.  By vital staining cells 64 per cent polymorphonuclears, 34  per 
cent monocytes, 2 per cent small lymphocytes.  Injected 1.5 cc. antibody solu- 
tion.  23  hours,  lumbar and cistern punctures;  leucocytes increased;  very  few 
phagocytic cocci;  none free.  Cultures:  no growth.  Injected 1 cc. antibody in 
cistern and in lumbar cord.  No further treatment and an uneventful recovery. 
Summary: Delayed development of meningeal infection with few organisms  in 
fluid at time of treatment.  Rapid sterilization of a mild process.  Recovery not 
necessarily due  to  treatment  since  immunization  may have  played  the  more 
decisive r61e. 
Second animal of this group, similarly treated, developed a massive growth of 
cocci and died in 41  hours with only moderate meningeal reaction and a slight 
septicemia.  These  two  rabbits  emphasize  the  individual  factor.  A control, 
actively immune, untreated rabbit died in 41  hours with severe septicemia and 
a  good meningeal reaction. 
Rabbit D.--December 13,  1926, 9.50 a.m.,  10 cc.  Type I  antipneumococcns 
serum, ear vein.  4.10 p.m., ether, cistern puncture, clear fluid, injected 3,000,000 
Type  I  pneumococci,  7  hour  culture.  18  hours  after  infection  temperature 
106.4  °.  Cisternal  puncture;  fluid  slightly opalescent; cells  very rare  and only 
occasional  cocci.  Culture slight growth.  Injected 1 cc. 50 unit antibody.  24 
hours after infection second cistern puncture; fluid  abundant,  ahnost purulent; 
polymorphonuciears about 100 per o. i. f.; no cocci seen; culture negative; 1 cc. 
antibody  injected.  42  hours,  temperature  105.4°; active.  66  hours:  appears 
slightly ataxic and has a head nystagmus.  Spinal fluid culture negative.  5 days: 
temperature  104.5°; improved.  7  days: unchanged.  10  days: found  dead. 
Autopsy: Spinal cord and brain pale, meninges  opalescent.  Cisternal fluid sero- 
purulent, containing 50-100  polymorphonuciears per o. i. f. and a  diffuse  over- 
growth of pneumococci.  Marked congestion and edema of lungs.  Culture  of 
heart  blood,  no growth.  Usual histology of fibrinopurulent meningitis.  Sum- 
mary: Low grade initial process in passively immune rabbit; cuiture of cisternal 
fluid twice negative after antibody injections.  Final recrudescence  of meningeal 
infection leading to delayed death at 10 days. 
A second rabbit of this group, similarly immunized and infected, developed a 
massive growth  of pneumococci within  the  first  18  hours,  with essentially no 
cellular reaction.  The latter was greatly improved by 1 cc. of antibody and at 
death, 3 hours la'ter,  there were large numbers of leucocytes and phagocytosis of 
50 per cent of the organisms in the cisternal fluid.  Blood cultures gave moderate 
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The passively immune, untreated control died of meningitis and septicemia in 
36 hours. 
Rabbit E.--December  20,  1926,  10.00  a.m.,  10 cc. Type I  antipneumococcus 
serum  ear  vein; 4.00  p.m.,  3,000,000  Type I  pneumococci intracisternally.  18 
hours:  temperature  106.2°;  active.  42  hours:  temperature  106.3°;  sluggish; 
diagnostic cistern puncture; ceils  rare;  pneumococci very rare;  culture positive; 
blood sterile.  66 hours:  temperature  105.4% sluggish; marked ataxia and weak- 
ness;  diagnostic  cistern  puncture;  essentially  no  change  in  fluid  picture.  88 
hours:  dead.  Petechial  hemorrhages  over  cerebellar  hemispheres;  meninges 
opalescent,  brownish,  gelatinous  looking exudate  at  base;  cord not  grossly re- 
mark.able;  cisternal  fluid  smear  shows  about  100  leucocytes  per  o.  i.  f.  and  a 
large  diffuse  overgrowth  of  diplococci.  Practically  no  phagocytosis.  Micro- 
scopically: a  thick fibrinopurulent  meningitis.  Summary: A  markedly delayed 
initial  process with  essentially  no early cellular  reaction;  a  terminal  extensive 
leucocytosis with little phagocytosis and a  diffuse coccal overgrowth. 
Of this group two animals were treated; both had  mild initial  processes  at  18 
hours  and were  lavaged  from lumbar  to cistern  with  antibody  solution.  One 
died at 88 hours with a pneumonia from which Type I pneumococci were isolated; 
at  death both spinal fluid and heart  blood gave no growth.  The other animal 
recovered.  Although this  effect  would appear  to indicate  favorable  results  of 
treatment, in our opinion it means nothing.  There are too many variable factors 
involved to make correct analysis possible. 
In  recovered  rabbits,  various  postmeningitic  signs  may  occur.  Prominent 
among these  are  paraplegias,  ataxia,  nystagmus,  and  prolonged  opisthotonus. 
With the exception of the paraplegias, there is a strong tendency to amelioration 
of these conditions. 
Whereas in small series of three  to five rabbits,  similarly immunized and in- 
fected, controls may die and treated animals recover, in one instance the  reverse 
has been true,  four treated animals dying, and  one  untreated  recovering.  This 
occurrence only goes to prove the impossibility of evaluating results when  such 
variable  factors are  present.  Individuals  react  differently  after  the  same  im- 
munization; there is a  very narrow zone between a dose of organisms which in a 
partially immune animal may produce a massive growth of cocci in the meninges 
with or without septicemia, and a  dose which may permit spontaneous recovery. 
If we take length of life as an index of value of therapy, it is apparent that the 
treated animals dying, lived an average of 24 hours longer than the controls; if 
we consider the presence or absence of septicemia, it becomes evident that 28 per 
cent  of  animals  treated  locally and  systemically  subsequent  to  infection  had 
positive blood cultures at autopsy and that 70 per cent of partial  immunes with 
no  subsequent  treatment  had  terminal  septicemia.  Length  of  life  in  treated 
animals  is  difficult  to  interpret  on account  of a  high  percentage  of  traumata 
with  repeated  punctures;  working space  is  very  small  in  the  rabbit,  and  the 
needle permitting satisfactory lavage is of course disproportionately large.  Reac- 404  PNEUMOCOCCAL MENINGITIS.  I 
tion  to intracisternal  injection of antibody  solution is often pronounced.  We 
may summarize it in the following protocol. 
Rabbit F.--Actively immune; uninfected; temperature  102.5  °.  Ether;  cistern 
and lumbar puncture; clear fluid.  Lavage with 2 cc. antibody solution, strength 
50 units  per cc.  Immediate  ether recovery.  Within  10 minutes,  prostration, 
tremors, chill, progression movements of all four limbs, rapid, shallow respiration, 
temperature  95.7  °, falling in 2 hours to 92  °.  Following  morning slightly slug- 
gish, temperature  99.5  °.  Subsequent uneventful  recovery. 
In one instance the reaction  did not begin until  1½ hours after injection  of 
antibody.  Samples  of antibody containing no tricresol produced at times similar 
effects.  These reactions may be duplicated by trauma to medulla, but frequently 
no trauma could be verified at autopsy.  In  the uninfected animal intrathecal 
antibody solution causes a  slight transient  polymorphonuclear reaction, rapidly 
passing  over  to  an  exudate  containing small lymphocytes  and  endothelial 
leucocytes. 
Palhotogy. 
The microscopic appearances  of the pneumoeoccal meningitis have 
been studied in all the animals.  The pathology is distinctly a function 
of immunization,  dosage,  and  treatment.  At one  extreme  one  has 
the  non-immune  rabbit  infected  via  the  cisterna.  The  tendency 
in this animal is for the cerebrospinal fluid to be turned into  a  veri- 
table culture medium for pneumococcus (Fig. 3); the pia-arachnoid is 
filled with a massive sheet of pneumococci; the choroid plexuses con- 
tain  them in great numbers;  they invade the Virchow-Robin  spaces 
in solid masses (Fig. 4); they multiply within the ventricles.  In  this 
form of disease there is very little reactional change in the meninges; 
death is always with marked septicemia usually complicated by edema 
and congestion of the lungs.  In a partially immunized rabbit death 
is delayed, and time is allowed for a  vigorous cellular reaction in the 
meninges;  this  takes  the  form  of  a  thick,  fibrinopurulent  exudate, 
involving the meninges of all regions, cord, cerebellum, convexity, base 
and choroid plexuses.  Its intensity is variable.  Pneumococcal pro- 
liferation may be restrained at first, but eventually usually reaches an 
extreme degree, the cocci lying in solid masses between reacting cells 
(Fig. 5); there is little phagocytosis.  If there is intrathecal treatment, 
an  increased  leucocytosis,  with  active phagocytosis,  agglutination, 
and thread  reaction  result  (Figs. 6-8).  Phagocyted cocci stain sup- 
ravitally with neutral red.  These phenomena are but transitory and FRED  W.  STEWART  405 
within a few hours there is a tendency for cells to diminish and for the 
diffuse growth of organisms to be resumed.  This constant renewal of 
pneumococci originates from  agglutinated,  unphagocytized clusters 
of pneumococci  and particularly from regions untouched by treatment. 
It is evident that it is impossible to reach, by treatment, all regions in 
the rabbit, if the initial growth of bacteria is at all severe.  Exudate 
with pneumococci may be found in  the  central  canal of the  cord, 
between fibers of issuing nerve trunks (Figs. 9 and 10),  or in spinal 
ganglia (Fig.  11).  There may be empyema of the central canal of 
the cord, with destruction of the ependyma and involvement of either 
the  cornua  or  fLmiculi  (Fig.  12).  Pneumococci in  the  sheaths  of 
penetrating vessels are commonly observed.  In any severe process, 
one is apt to find a superficial encephalitis (Figs. 13 and 14), or else foci 
of softening and invasion by pneumococci (Fig.  15).  Periarteritis is 
common (Fig.  16).  Purpuric hemorrhages may occur either in the 
meninges or deep in the brain or cord substance (Fig. 17).  Death is 
almost always complicated by edema and congestion of the lungs. 
There may be a considerable fibrin deposit and if life is sufficiently 
prolonged, a  lobular consolidation may result  (Figs.  18-20).  Pneu- 
mococci may  be  demonstrated  in  this  exudate  by  Gram-Weigert 
staining. 
SU~IIY  AND  CONCLUSIONS. 
1.  Fatal  Type  I  pneumococcal meningitis may  be  produced  in 
rabbits by intracisternai injection of pneumococci. 
2.  When organisms are of high virulence, the rabbit does not tend 
to localize them in the meninges, but an early septicemic process re- 
suits.  Death is septicemic rather than meningeal. 
3.  In  such  instances very  little  cellular  reaction  occurs  in  the 
meninges. 
4.  Active or passive  immunization previous to  intracisternai  in- 
fection inhibits partially the septicemia and permits the development 
of reactionai processes in the meninges. 
5.  The immunization likewise retards  the meningeal  disease, but 
multiplicity of factors prevents us from stating precisely to what this 
retardation is due.  It is not correlated with the presence of agglu- 
tinins in the spinal fluid at the time of infection. 
6.  The rapidity of production of meningitis is influenced by  the 406  PNEUMOCOCCAL  MENINGITIS.  I 
phase of growth of the culture used, and likewise by the growth activity 
of that culture. 
7.  To some extent in  the partially  immune rabbit  the meningeal 
spaces constitute a relatively non-immune reservoir, constantly feeding 
the blood stream and breaking down systemic resistance. 
8.  Intrathecal  serum  treatment  causes  rapid  agglutination  and 
phagocytosis of pneumococci, and has very rarely, possibly, resulted 
in cure.  Essentially no phagocytosis occurs in the absence of immune 
serum. 
9.  Phagocyted pneumococci stained supravitally take up the neutral 
red stain and are therefore probably injured. 
10.  The treatment employed subsequent to infection only slightly 
prolongs life in the majority of cases.  It does retard septicemia. 
11.  The treatment improves the cellular reactional processes in the 
meninges. 
12.  A  study of  the pathology of rabbit  pneumococcal meningitis 
shows that  the location of pneumococci precludes complete contact 
with serum introduced intrathecally, and that these locations provide 
isolated foci, from which organisms may reinfect the meningeal spaces 
as rapidly as they are removed by lavage or antibody injections. 
13.  In  recovered  rabbits  postmeningeal  symptoms,  weakness, 
ataxia, nystagmus, and paralyses arise. 
14.  In our opinion there is some objective evidence of benefit of 
serum therapy.  The rabbit  is too susceptible, however,  and condi- 
tions too artificial to admit of definite conclusions. 
15.  Rough Type I  pneumococci introduced in large  quantity  cis- 
ternally  may  kill  and  may  be  recovered 24  hours  after  infection, 
from spinal fluids.  In  a  series  of eleven passages,  no  reversion  to 
smooth  type  occurred.  In  all  animals  injected  with  rough  forms, 
transient bacteremia resulted. 
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EXPLANATION OF PLATES. 
PLATE 11. 
Fro.  1.  Non-immune  rabbit.  Pneumococci in  lung  capillaries.  Pulmonary 
edema.  Gram-Weigert stain.  ×  1000. 
FIG.  2.  Same animal,  stain,  and magnification.  Pneumococci in capillary of 
renal medulla. 
FIo. 3.  Spinal fluid smear.  Shows type of fluid found in a non-lmmune rabbit 
or in one partially immune, which has developed a massive overgrowth of cocci 
previous to treatment.  ×  1000. 
FIG.  4.  Non-lmmune  rabbit.  Solid  masses  of  pneumococci in  perivascular 
sheath  of penetrating cortical vessel.  Gram-Weigert stain.  ×  1000. 
PLATE 12. 
Fro.  5.  Massive growth of pneumococci in partially  immune treated  rabbit. 
Slight  phagocytosis.  Section  of  cord  far  distant  from  region  of  treatment. 
Gram-Weigert stain.  X  1000. 
FIG. 6.  Agglutination and vigorous phagocytosis in exudate of treated animal. 
X  1000. 
FIG.  7.  Thread  reaction  in  agglutinated  cocci after  treatment.  X  1000. 
FIG. 8.  Phagocytosis of pneumococci in exudate of treated animal.  The same 
animal as in Fig. 5, but from region near location of treatment.  Gram-Weigert 
stain.  X  1000. 
PLATE 13. 
FIG. 9.  Polymorphonuclear invasion of spinal nerve trunk.  X  260. 
Fro.  10.  Growth of pneumococci between fibers of spinal nerve trunk.  Non- 
immune rabbit.  Gram-Weigert stain.  X  1000. 
FIG. 1  I. The same animal, stain, and magnification.  Pneumococci in a spinal 
ganglion. 
Fio.  12.  Cord abscess  (pneumococcal)  in a  partially  immune rabbit;  an ex- 
tension from empyema of central canal of cord.  X  150. 
PLATE 14. 
Fins. 13 and 14.  Superficial encephalitis.  Partially immune rabbit.  ×  260. 
Fro.  15.  Pneumococcal invasion  with  softening  of wall  of lateral  ventricle. 
Treated animal dying at 21 hours.  Gram-Weigert stain.  ×  1000. 
FIG.  16.  Periarteritis,  meningeal  cord  vessel.  Partially  immune  rabbit. 
X  260. 
PLATE 15. 
FIG.  17.  Hemorrhagic lesion; gray matter of cord.  Partially immune rabbit 
dead 28 hours after infection.  X  110. 
FIGs.  18  to  20.  Pneumococcal  pulmonary  lesions as observed in  partially 
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